Identification of peptide responsive gene clusters.
6 6
We first verified that the data obtained from the different experiments could be 2 6 7 consolidated in a single meta-analysis. Principal component analysis (PCA) was 2 6 8 performed using 12069 probes that showed variability based on filter criteria for 2 6 9 selection of transcripts detected in at least 10% of all samples (PALX10%) and with 2 7 0 range 100 (see Methods) across 352 stimulated samples and 83 medium controls. As 2 7 1 could be expected, the resulting plot showed a clear separation of samples between 2 7 2 independent experiments ( Figure 1A) . However, such a separation was not present donors. Thus, this strategy of using the normalized data to each donor's baseline was 2 7 9
adopted for carrying out the meta-analysis presented in this article. We sought to categorize T-cell responses in an unbiased fashion, based on 2 9 1 transcriptional patterns observed following antigenic peptide stimulation. For this we 2 9 2 employed an unsupervised clustering approach grouping samples and genes according 2 9 3 to patterns of responsiveness, which is described in detail in the Methods section. Clustering methods are known to be prone to noise. Thus, following normalization of 2 9 5 stimulated conditions to their respective medium controls, both probes and samples were filtered on the same cutoffs; ratio of 2 for upregulation or 0.5 for downregulation those cutoffs, and the samples were retained if at least 50 probes passed those cutoffs. The filtered data consisted of 949 probes and 111 samples while the data prior to the Next, the gene clusters defined above were characterized functionally. Although we are 3 1 7
attributing changes in transcript abundance to regulation in T-cells, these changes could 3 1 8 also be caused by other cell types that are exposed to T-cell factors in PBMC culture. Gene clusters were functionally characterized at a high level through Gene Ontology Table 2 . Cluster 0 (C0) was 1 6 associated with lipid metabolic process and response to external stimulus. C1 was 3 2 5 associated with translation and metabolic process. C2 through C7 were associated with 3 2 6 various aspects of immune response. No GO terms were significantly associated with 3 2 7
C8. 
Gene cluster GO term FDR adjusted p-value % C0
GO:0006629~lipid metabolic process 0.01 23.4 GO:0009605~response to external stimulus 0.04 23.4 GO:0009611~response to wounding 0.13 17.2 GO:0006952~defense response 0.40 17.2 GO:0006766~vitamin metabolic process 0.51 7.8
C1
GO:0006414~translational elongation 0.00 13.5 GO:0006412~translation 0.00 14.6 GO:0016070~RNA metabolic process 0.00 21.3 GO:0044237~cellular metabolic process 0.01 57.3 GO:0044260~cellular macromolecule metabolic process 0.01 49.4
C2
GO:0006955~immune response 0.00 57.9 GO:0002376~immune system process 0.00 57.9 GO:0050896~response to stimulus 0.00 73.7 GO:0009607~response to biotic stimulus 0.00 36.8 GO:0051707~response to other organism 0.01 31.6
C3
GO:0006955~immune response 0.00 47.6 GO:0002376~immune system process 0.00 47.6 GO:0006954~inflammatory response 0.05 28.6 GO:0042330~taxis 0.05 23.8 GO:0006935~chemotaxis 0.05 23.8 C4 GO:0002376~immune system process 0.00 39.4 GO:0006955~immune response 0.00 34.0 GO:0019882~antigen processing and presentation 0.00 13.8 GO:0002504~antigen processing and presentation of peptide or polysaccharide antigen via MHC 0.00 9.6 GO:0050896~response to stimulus 0.00 54.3
C5
GO:0006950~response to stress 0.00 25.9 GO:0006952~defense response 0.00 14.7 GO:0002376~immune system process 0.00 17.6 GO:0050896~response to stimulus 0.00 37.6 GO:0009611~response to wounding 0.01 11.8
C6
GO:0009611~response to wounding 0.00 30.9 GO:0006954~inflammatory response 0.00 25.0 GO:0009605~response to external stimulus 0.00 35.3 GO:0006935~chemotaxis 0.00 19.1 GO:0042330~taxis 0.00 19.1
C7
GO:0042221~response to chemical stimulus 0.00 25.0 GO:0006955~immune response 0.00 17.5 GO:0002376~immune system process 0.00 19.2 GO:0050896~response to stimulus 0.00 37.5 GO:0070482~response to oxygen levels 0.01 7.5 for molecules found in the antigen processing, C5 for CD molecules, C6 for cytokines.
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In addition, presence of TFs, cytokines, and chemokines in each cluster is summarized 3 5 6
in Table 3 . cluster that overlap with the biosets are shown along the y-axis. We identified 43 transcription factors, regulated in response to peptide stimulation in our 3 7 4
assay system, and assessed whether these were already known to be associated with or abstracts keywords describing CD4 + T-cell phenotypes, "Th1", "Th2", "Th9", "Th17", transcription factors that did not belong to any of our gene clusters and were selected at 3 8 2 random, only 2 of them (10%) returned more than 5 articles containing those keywords. The fact that the signatures that we observe were enriched in transcription factors should be considered for further investigation as potential candidate master regulators association"). One of those candidates was ATF5, which belongs to cluster C4, 3 9 5 annotated as immune system process, immune response, and antigen processing and 3 9 6 presentation ( Table 2) . ATF5 is a member of cAMP response element binding 3 9 7
(CREB)/activating transcription factor family, and regulates cell differentiation, one T-cell types, it was also counted in "Overlap." Our study aimed at leveraging systems approaches to arrive at an unbiased (i.e. data- gene cluster was neither > 2 nor < 0.5 at the significance level. SS7 and SS8 were not with pro-inflammatory function. This cluster consisted of 28 probes, and the genes in C3 4 9 3 associated with inflammation were mostly cytokine genes, which were also observed in 4 9 4
the biosets-analysis. These genes included CCL1, CCL20, CCL3, CCL3L1, CSF2, IL1A, cytokine production, and induces expression of IL6, IL8 and IL10 in monocytes (46).
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Overall, C3 genes may promote inflammation. C6 was associated with the GO term enriched for this term were mostly cytokine and cytokine receptor genes, which were 5 0 9
also observed with the biosets-analysis. Some of these genes were pro-inflammatory The C2 cluster was implicated in two of the dominant responses to microbial antigen- responses, respectively. C2 consisted of 24 probes and was significantly associated
with the GO term "immune response" with enrichment for this term driven by the activated sequence at their promoters, suggesting C2 was linked to IFNG response.
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These genes included p65 guanosine 5' triphosphatases GBP1 and GBP5, TF STAT1, probes, and many of the genes in C4 enriched for this term were involved in antigen 5 4 7
processing, which were also identified by biosets-analysis. These genes included CD74 inducible neutrophil-driven blood transcriptional signature in human tuberculosis. 
